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device employing TSV technology is provided. A through
electrode is configured by a small-diameter through electrode
having a first diameter and being formed on a main surface
side of a semiconductor wafer, and a large-diameter through
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through electrode is arranged inside the large-diameter
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SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

The disclosure of Japanese Patent Application No. 2012-
189177 filed on Aug. 29, 2012 including the specification,
drawings and abstract is incorporated herein by reference in
its entirety.

BACKGROUND

The present invention relates to a semiconductor device
and technology of manufacturing the same and, for example,
can be suitably utilized for TSV (Through Silicon Via) tech-
nology required for the manufacture of a three-dimensional
multifunction device.

There is known TSV technology as important technology
for achieving a three-dimensional multifunction device. The
TSV technology is the one to form a through electrode that
penetrates a semiconductor substrate perpendicular to a
thickness direction.

For example, Japanese Patent Laid-Open No. 2005-
294582 (Patent Document 1) discloses a semiconductor
device including a through electrode constituted of a small-
diameter plug and a large-diameter plug. A projecting portion
(lower surface) of the small-diameter plug that projects from
a silicon (Si) substrate penetrates into a top surface of the
large-diameter plug, and a top surface of the small-diameter
plug is coupled to a first wiring.

SUMMARY

When a through electrode penetrating from a main surface
of'a silicon (Si) substrate to a back surface on an opposite side
of the main surface is formed in the silicon (Si) substrate,
distortion is generated in the silicon (Si) substrate on a periph-
ery of the through electrode due to a difference of thermal
expansion coefficients of a metal conductor constituting the
through electrode and silicon (Si). Therefore, a region (keep
out Zone) where arrangement of semiconductor elements is
limited is generated on the periphery of the through electrode.
In addition, since a plurality of signal wirings cannot be
arranged right above the through electrode, a constraint is
generated in a wiring layout. Such problems have been
adverse effects in promoting high integration of a semicon-
ductor device employing the TSV technology.

The other problems and the new feature will become clear
from the description of the present specification and the
accompanying drawings.

According to one embodiment, a through electrode is con-
figured with a small-diameter through electrode formed on a
main surface side of a semiconductor substrate, and a large-
diameter through electrode formed on a back surface side of
the semiconductor substrate, and the small-diameter through
electrode is arranged inside the large-diameter through elec-
trode in a planar view so that a center position of the small-
diameter through electrode and a center position of the large-
diameter through electrode do not coincide with each other in
the planar view.

According to one embodiment, high integration of the
semiconductor device employing the TSV technology can be
achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a main part cross-sectional view of a semicon-
ductor device including a TSV according to a First Embodi-
ment;
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FIG. 2 is a main part back surface view of the semiconduc-
tor device according to the First Embodiment;

FIG. 3 is an enlarged main part cross-sectional view show-
ing a part of the semiconductor device during a manufactur-
ing step of the semiconductor device according to the First
Embodiment;

FIG. 4 is amain part cross-sectional view of a same portion
asin FIG. 3 during a manufacturing step of the semiconductor
device subsequent to FIG. 3;

FIG. 5 is a main part cross-sectional view of the same
portion as in FIG. 3 during a manufacturing step of the semi-
conductor device subsequent to FIG. 4;

FIG. 6 is a main part cross-sectional view of the same
portion as in FIG. 3 during a manufacturing step of the semi-
conductor device subsequent to FIG. 5;

FIG. 7 is a main part cross-sectional view of the same
portion as in FIG. 3 during a manufacturing step of the semi-
conductor device subsequent to FIG. 6;

FIG. 8 is a main part cross-sectional view of the same
portion as in FIG. 3 during a manufacturing step of the semi-
conductor device subsequent to FIG. 7;

FIG. 9 is a main part cross-sectional view of the same
portion as in FIG. 3 during a manufacturing step of the semi-
conductor device subsequent to FIG. 8;

FIG. 10 is a main part cross-sectional view of the same
portion as in FIG. 3 during a manufacturing step of the semi-
conductor device subsequent to FIG. 9;

FIG. 11 is a main part cross-sectional view of the same
portion as in FIG. 3 during a manufacturing step of the semi-
conductor device subsequent to FIG. 10;

FIG. 12 is a main part cross-sectional view of the same
portion as in FIG. 3 during a manufacturing step of the semi-
conductor device subsequent to FIG. 11;

FIG. 13 is a main part cross-sectional view of the same
portion as in FIG. 3 during a manufacturing step of the semi-
conductor device subsequent to FIG. 12;

FIG. 14 is a main part cross-sectional view of the same
portion as in FIG. 3 during a manufacturing step of the semi-
conductor device subsequent to FIG. 13;

FIG. 15 is a main part cross-sectional view of the same
portion as in FIG. 3 during a manufacturing step of the semi-
conductor device subsequent to FIG. 14;

FIG. 16 is a main part cross-sectional view of the same
portion as in FIG. 3 during a manufacturing step of the semi-
conductor device subsequent to FIG. 15;

FIG. 17 is a main part cross-sectional view of the same
portion as in FIG. 3 during a manufacturing step of the semi-
conductor device subsequent to FIG. 16;

FIGS. 18A and 18B are respectively main part plan views
illustrating arrangement of small-diameter through elec-
trodes and a large-diameter through electrode according to a
First Modification of the First Embodiment;

FIG. 19 is a main part cross-sectional view of a semicon-
ductor device including a TSV according to a Second Modi-
fication of the First Embodiment;

FIG. 20 is a main part cross-sectional view of a semicon-
ductor device including a TSV according to a Third Modifi-
cation of the First Embodiment;

FIG. 21 is a main part plan view illustrating arrangement of
small-diameter through electrodes and large-diameter
through electrodes when a TSV formation region according
to a Second Embodiment is viewed from a plane;

FIG. 22 is amain part plan view illustrating arrangement of
small-diameter through electrodes and large-diameter
through electrodes when a TSV formation region compared
and examined by the present inventors is viewed from a plane;
and
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FIG. 23 is a main part cross-sectional view of semiconduc-
tor device illustrating a manufacturing step of a through elec-
trode compared and examined by the present inventors.

DETAILED DESCRIPTION

The following embodiments will be explained, divided
into plural sections or embodiments, if necessary for conve-
nience. Except for the case where it shows clearly in particu-
lar, they are not mutually unrelated and one has relationships
such as a modification, details, and supplementary explana-
tion of some or entire of another.

In the following embodiments, when referring to the num-
ber of elements, etc. (including the number, a numeric value,
an amount, a range, etc.), they may be not restricted to the
specific number but may be greater or smaller than the spe-
cific number, except for the case where they are clearly speci-
fied in particular and where they are clearly restricted to a
specific number theoretically.

Furthermore, in the following embodiments, it is needless
to say that an element (including an element step etc.) is not
necessarily indispensable, except for the case where it is
clearly specified in particular and where it is considered to be
clearly indispensable from a theoretical point of view, etc.

Furthermore, when terms “constituted of A”, “constituted
by A”, “having A”, and “including A” are used, it is needless
to say that elements other than A are not eliminated, except for
the case where it is clearly specified in particular that A is the
only element, etc. Similarly, in the following embodiments,
when shape, position relationship, etc. of an element etc. are
referred to, what resembles or is similar to the shape substan-
tially shall be included, except for the case where it is clearly
specified in particular and where it is considered to be clearly
not right from a theoretical point of view. This statement also
applies to the numeric value and range described above.

Moreover, in drawings used for the following embodi-
ments, in order to make a drawing easily viewable, hatching
may be attached even if it is a plan view. Furthermore, in the
following embodiments, when a term “wafer” is used, it
mainly means an Si (Silicon) single crystal wafer, but is not
limited to that, and it shall mean an insulating film substrate
for forming an SOI (Silicon On Insulator) wafer and an inte-
grated circuit thereover, etc. Also a shape of the wafer is not
limited to a circle or substantially a circle, but also includes a
square, a rectangle, etc.

In all the drawings for explaining the following embodi-
ments, the same symbol is attached to the element having the
same function, as a principle, and the repeated explanation
thereof is omitted. Hereinafter, embodiments will be
explained in detail based on the drawings.

(TSV Technology Examined by the Present Inventors)

Since a semiconductor device employing TSV technology
according to the present embodiment is considered to be
clearer, problems in a semiconductor device that the present
inventors have compared and examined will be explained.

First, using FIG. 23, will be briefly explained one example
of'a manufacturing step of a through electrode by a viamiddle
scheme that the present inventors have examined. FIG. 23 is
a main part cross-sectional view of the semiconductor device
illustrating the manufacturing step of the through electrode.

Prepared is, for example, a semiconductor wafer (a semi-
conductor thin plate referred to as a wafer whose flat surface
is substantially circular) SW that is constituted of single crys-
tal silicon (Si). Although illustration is omitted, a plurality of
semiconductor elements is formed on a main surface (a sur-
face or a first main surface) S1 of the semiconductor wafer
SW. An interlayer insulating film ILD is then formed over the
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main surface Si of the semiconductor wafer SW so as to cover
these semiconductor elements.

Next, by dry etching in which a resist pattern is used as a
mask, the interlayer insulating film ILD and the semiconduc-
tor wafer SW are sequentially processed to form a via (a
through hole, a connection hole, or an opening) VI in a region
where a through electrode is formed (a region where the
semiconductor elements are not formed). After that, a copper
(Cu)-plated film is buried inside the via VI via an insulating
film 11 constituted of silicon oxide (Si0O,) and a barrier metal
film BM constituted of tantalum (Ta), etc., and a through
electrode TE constituted of a copper (Cu) film is formed.

Subsequently, formed are first-layer wirings M1, and a
coupling pad MC that is located in the same layer as the
first-layer wirings M1 and is coupled to the through electrode
TE. After that, after second-layer wirings M2 and more-
upper-layer wirings are formed, a copper (Cu) bump CB is
formed to be coupled to a top-layer wiring, and an external
terminal SB is formed to be coupled to the copper (Cu) bump
CB.

Next, a back surface (a second main surface) S2 on an
opposite side of the main surface S1 of the semiconductor
wafer SW is grinded, polished, or etched back. As a result of
this, a thickness of the semiconductor wafer SW is made
thinner and further, a bottom of the through eclectrode TE
covered with the insulating film 11 and the barrier metal film
BM is caused to project from the back surface S2 of the
semiconductor wafer SW. Subsequently, an insulating film 12
is formed on the back surface S2 of the semiconductor wafer
SW so0 as to cover the bottom of the through electrode TE that
projects from the back surface S2 of the semiconductor wafer
SW and is covered with the insulating film 11 and the barrier
metal film BM.

Subsequently, the insulating film 12, the insulating film I1,
and the barrier metal film BM that cover the bottom of the
through electrode TE are polished by a CMP (Chemical
Mechanical Polishing) method to expose a lower surface of
the through electrode TE.

<Problem 1>

When the through electrode TE penetrating from the main
surface S1 of the semiconductor wafer SW to the back surface
S2 on the opposite side of the main surface S1 is formed in the
semiconductor wafer SW, distortion is generated in the semi-
conductor wafer SW on a periphery of the through electrode
TE due to a difference between thermal expansion coeffi-
cients of copper (Cu) constituting the through electrode TE
and silicon (Si) constituting the semiconductor wafer SW.
Therefore, a region where the semiconductor elements can be
arranged is limited. For example, when the via VI with a
diameter of 5 um is formed in the semiconductor wafer SW, a
range of approximately 1 um from an outer circumference of
the via VI corresponds to a region (keep out zone) where
arrangement of the semiconductor elements is limited. The
region (keep out zone) where arrangement of the semicon-
ductor elements is limited becomes wider as the diameter of
the viaVI becomes larger, i.e., a volume of copper (Cu) buried
inside the via VI is more increased.

In addition, since the coupling pad MC coupled to the
through electrode TE is arranged right above the through
electrode TE, a plurality of signal wirings cannot be arranged.
Therefore, a constraint is generated in a wiring layout.

In order to narrow the region (keep out zone) where
arrangement of the semiconductor elements is limited, or to
extend a region where a plurality of signal wirings can be
arranged, the diameter of the via VI may be reduced to reduce
the volume of the through electrode TE. However, in a case of
the vias VI having a same depth, an aspect ratio (a via depth/a



US 9,275,935 B2

5

via diameter) of the via VI with a small diameter is higher as
compared with that of the via VI with a large diameter, the via
V1 being formed in the semiconductor wafer SW. Therefore,
when the diameter of the via VI is reduced, such a problem
that the copper (Cu)-plated film is hard to bury inside the via
VI occurs.

<Problem 2>

When the back surface S2 of the semiconductor wafer SW
is processed and the thickness of the semiconductor wafer
SW is made thinner, there has been fear that a part of the
insulating films I1 that covers the lower surface of the through
electrode TE is removed, and the lower surface of the through
electrode TE is exposed. When the lower surface of the
through electrode TE is exposed, copper (Cu) constituting the
through electrode TE is diffused into the semiconductor
wafer SW from the back surface S2 of the semiconductor
wafer SW. As a result of it, operation characteristics of the
semiconductor elements formed on the main surface S1 of the
semiconductor wafer SW are changed due to copper (Cu)
contamination.

<Problem 3>

In addition, the present inventors also examined manufac-
turing steps of a through electrode by a via-last and via-back
scheme (the scheme in which after semiconductor elements
and multi-layer wirings are formed on a main surface side of
a semiconductor substrate, a via is formed in the semiconduc-
tor substrate from a back surface side of the semiconductor
substrate, and a through electrode is buried inside the via).

However, there is a risk that the multi-layer wirings formed
on the main surface side of the semiconductor substrate are
etched when the above-described via is formed in the semi-
conductor wafer.

As explained hereinbefore, in the semiconductor device
employing the TSV technology, it is necessary to minimize a
formation region of the semiconductor elements and an
arrangement region of the wirings that are constrained by the
arrangement of the through electrode. In addition, it is nec-
essary to avoid problems, such as copper (Cu) contamination
generated in the manufacturing steps of the through electrode.

Note that it has become obvious from examination by the
present inventors that particularly, a problem of the keep out
zone due to distortion generated in the silicon (Si) substrate
on the periphery of the through electrode is difficult to avoid
by just constituting the through electrode by the small-diam-
eter plug and the large-diameter plug as in the above-men-
tioned Patent Document 1.

First Embodiment
Semiconductor Device

A semiconductor device including a TSV according to the
present First Embodiment will be explained using FIGS. 1
and 2. FIG. 1 is a main part cross-sectional view of the
semiconductor device, and FIG. 2 is a main part back surface
view of the semiconductor device.

In a semiconductor device (semiconductor chip), a region
(hereinafter referred to as an element formation region (a
second region)) where various semiconductor elements, such
as a field effect transistor, a resistive element, and a capacitive
element, have been formed, and a region (hereinafter referred
to as a TSV formation region (a first region)) where a plurality
of through electrodes has been formed are provided in difter-
ent regions from each other. In FIG. 1, exemplified is an
n-channel type MISFET (Metal Insulator Semiconductor
Field Effect Transistor) that represents the field effect tran-
sistor among the various semiconductor elements formed in
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the element formation region. In addition, in the following
explanation, the n-channel type MISFET is abbreviated to an
nMISFET.

First, a configuration of the nMISFET formed in the ele-
ment formation region will be explained using FIG. 1.

As shown in FIG. 1, an isolation portion IR that is an
isolation groove inside which an insulating film has been
buried is formed in the main surface (the surface or the first
main surface) S1 of the semiconductor wafer SW of the
element formation region, and an active region where the
nMISFET is formed is defined by the isolation portion IR. A
thickness of the semiconductor wafer SW is, for example,
approximately 50 um. A p-type well PW is formed in the main
surface Si of the semiconductor wafer SW, and the nMISFET
is formed in a region where the p-type well PW has been
formed. A gate electrode GE is formed on the main surface S1
of'the semiconductor wafer SW via a gate insulating film G1
of'the nMISFET. The gate insulating film G1 is, for example,
constituted of silicon oxide (Si0O,) formed by a thermal oxi-
dation method, and the gate electrode GE is, for example,
constituted of polycrystalline silicon (Si) formed by a CVD
(Chemical Vapor Deposition) method.

A sidewall SL is formed on a side surface of the gate
electrode GE of the nMISFET. This sidewall SL is, for
example, constituted of silicon oxide (SiO,) or silicon nitride
(Si,N,). In addition, n-type semiconductor regions SD that
function as a source and a drain are formed sandwiching a
channel region in the p-type well PW on both sides of the gate
electrode GE of the nMISFET.

Furthermore, the nMISFET is covered with a stopper insu-
lating film SIF and an interlayer insulating film ILD1. The
stopper insulating film SIF is, for example, constituted of
silicon nitride (Si;N,). In addition, the interlayer insulating
film ILD1 is, for example, constituted of silicon oxide (SiO,),
and a surface thereof is planarized. A connection hole (illus-
tration is omitted) that reaches the gate electrode GE, and
connection holes CN that reach the n-type semiconductor
regions SD are formed in the stopper insulating film SIF and
the interlayer insulating film IL.D1. The connection hole CN
is columnar, and a diameter thereof'is set to be the same as or
to be smaller than a line width of the first-layer wiring M1
and, for example, is approximately 0.06 um. Coupling elec-
trodes (plugs) CE constituted of metal are formed inside the
connection holes CN via the barrier metal film BP.

On the coupling electrode CE, the first-layer wiring M1 in
which, for example, a copper (Cu) film serves as a main
conductor is formed by a single damascene method, coupled
to the coupling electrode CE. Namely, the first-layer wirings
M1 are formed by forming wiring formation trenches TRa in
an interlayer insulating film IL.D2 deposited on the coupling
electrodes CE and the interlayer insulating film ILD1, and
burying the copper (Cu) film inside the wiring formation
trenches TRa. A barrier metal film is formed between an inner
wall and the copper (Cu) film of the wiring formation trench
TRa. The line width of the first-layer wiring M1 is, for
example, approximately 0.1 um.

Furthermore, on the first-layer wirings M1, the second-
layer wirings M2 in each of which, for example, a copper (Cu)
film serves as a main conductor are formed by a dual dama-
scene method, coupled to the first-layer wirings M1 via cou-
pling components. Namely, the second-layer wirings M2 are
formed by forming a wiring formation trench TA in an inter-
layer insulating film IL.D3 deposited on the first-layer wirings
M1 and the interlayer insulating film IL.D2, further forming a
connection hole TB in a portion linking the wiring formation
trench TA and the first-layer wirings M1, and burying the
copper (Cu) film inside the wiring formation trench TA and
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connection hole TB. The coupling component formed inte-
grally with the second-layer wiring M2 is formed inside the
connection hole TB. The barrier metal film is formed between
an inner wall and the copper (Cu) film of each of the wiring
formation trench TA and the connection hole TB. It is to be
noted that the second-layer wirings M2 may be formed by the
single damascene method similarly to the first-layer wirings
Ml.

Furthermore, on the second-layer wirings M2, upper-layer
wirings are formed, and an insulating film I and sealing resin
RS are formed so as to cover top-layer wirings (sixth-layer
wirings M6 in the First Embodiment). An opening VO that
reaches the sixth-layer wiring M6 is formed in the insulating
film IL and sealing resin RS, the copper (Cu) bump CB is
formed, coupled to the sixth-layer wiring M6 inside the open-
ing VO, and a hemispherical external terminal (solder ball)
SB is further formed, coupled to the copper (Cu) bump CB.

It is to be noted that although the wirings in the six layers
(the wirings M1 to M6) are exemplified in the First Embodi-
ment, the present invention is not limited to this. The present
invention may employ not more than wirings in five layers or
not less than wirings in seven layers, and the above-described
copper (Cu) bump CB and external terminal SB are formed,
coupled to a top-layer wiring.

Next, a configuration of the TSV formed in the TSV for-
mation region will be explained using FIGS. 1 and 2.

As shown in FIG. 1, in the semiconductor wafer SW, the
stopper insulating film SIF, and the interlayer insulating film
ILD1 in the TSV formation region, formed is a via (a through
hole, aconnection hole, or an opening) that penetrates them in
a thickness direction.

This via is configured by a small-diameter via (a first via: a
through hole; a connection hole; or an opening) VI1, and a
large-diameter via (a second via: a through hole; a connection
hole; or an opening) VI2 having a larger diameter (a diameter
or an inner diameter) than a diameter of the small-diameter
via VI1, the small-diameter via VI1 is arranged on a main
surface S1 side of the semiconductor wafer SW, and the
large-diameter via VI2 is arranged on a back surface (the
second main surface) S2 side of the semiconductor wafer SW.
Namely, the small-diameter via VI1 penetrates from an upper
surface to a lower surface of each of the interlayer insulating
film ILD1 and the stopper insulating film SIF, is further
formed to have a predetermined depth from the main surface
S1 of the semiconductor wafer SW, and the large-diameter via
V12 is formed to have a predetermined depth from the back
surface S2 of the semiconductor wafer SW.

The diameter (a first diameter) of the small-diameter via
V11 is, for example, approximately 2 um, and a depth thereof
is, for example, approximately 10 um. The diameter (a second
diameter) of the large-diameter via VI2 is, for example,
approximately 10 um, and a depth thereof is, for example,
approximately 43 um.

In addition, a first insulating film IF1, for example, consti-
tuted of silicon oxide (Si0,) is formed on a side surface of the
small-diameter via VI1. Furthermore, a small-diameter
through electrode (a first through electrode) TE1 constituted
of'a copper (Cu)-plated film is formed inside the small-diam-
eter via V11 via a barrier metal film BM1. The first insulating
film IF1 functions as a protection film that prevents metal
contamination from the small-diameter through electrode
TE1, and also fulfills a function to insulate and separate the
small-diameter through electrode TE1 from the semiconduc-
tor wafer SW. A thickness of the first insulating film IF1 is, for
example, approximately 0.1 um. The barrier metal film BM1
is, for example, a tantalum (Ta) film, and a thickness thereof
is, for example, approximately 10 nm.
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In addition, a second insulating film 1F2, for example,
constituted of silicon oxide (Si0,) is formed on a side surface
of the large-diameter via VI2. Furthermore, a large-diameter
through electrode (a second through electrode) TE2 consti-
tuted of the copper (Cu)-plated film is formed inside the
large-diameter via VI2 via a barrier metal film BM2. The
second insulating film IF2 functions as a protection film that
prevents metal contamination from the large-diameter
through electrode TE2, and also fulfills a function to insulate
and separate the large-diameter through electrode TE2 from
the semiconductor wafer SW. A thickness of the second insu-
lating film IF2 is, for example, approximately 0.2 pm. The
barrier metal film BM2 is, for example, a tantalum (Ta) film,
and a thickness thereof'is, for example, approximately 25 nm.

A lower surface (surface on the back surface S2 side of the
semiconductor wafer SW) of the small-diameter through
electrode TE1 is located closer to the back surface S2 side of
the semiconductor wafer SW than a bottom surface of large-
diameter via VI2. Namely, a part of the small-diameter
through electrode TE1 projects inside the large-diameter via
VI2.

Although the tantalum (Ta) film has been exemplified as
the barrier metal films BM1 and BM2, the present invention is
not limited to this and, for example, a titanium (Ti) film, a
cobalt (Co) film, a ruthenium (Ru) film, a titanium nitride
(TiN) film, or a tantalum nitride (TaN) film can also be used.

The through electrode is configured by the small-diameter
through electrode TE1 and the large-diameter through elec-
trode TE2, and the lower surface (surface on the back surface
S2 side of the semiconductor wafer SW) of the small-diam-
eter through electrode TE1 and an upper surface (surface on
the main surface S1 side of the semiconductor water SW) of
the large-diameter through electrode TE2 are electrically
coupled to each other via the barrier metal films BM1 and
BM2.

However, a flat surface area and a diameter (a first diam-
eter) of the small-diameter through electrode TE1 in a surface
parallel to the main surface S1 of the semiconductor wafer
SW are smaller than a flat surface area and a diameter (a
second diameter) of the large-diameter through electrode TE2
in the surface parallel to the main surface S1 of the semicon-
ductor wafer SW, respectively. Additionally, the small-diam-
eter through electrode TE1 is arranged inside the large-diam-
eter through electrode TE2 in a planar view, and a center
position (a center 1 indicated by a long dashed dotted line in
FIG. 1) of the small-diameter through electrode TE1 and a
center position (a center 2 indicated by a long dashed dotted
line in FIG. 1) of the large-diameter through electrode TE2 do
not coincide with each other in the planar view. Namely, the
center position of the small-diameter through electrode TE1
is away from the center position of the large-diameter through
electrode TE2 in the planar view.

As mentioned above, distortion is generated in the semi-
conductor water SW on peripheries of the small-diameter
through electrode TE1 and the large-diameter through elec-
trode TE2 due to a difference in thermal expansion coeffi-
cients between copper (Cu) constituting the small-diameter
through electrode TE1 and the large-diameter through elec-
trode TE2, and silicon (Si) constituting the semiconductor
wafer SW. However, the small-diameter through electrode
TE1 with a smaller diameter than the large-diameter through
electrode TE2, i.e., the small-diameter through electrode TE1
with a smaller volume is formed on the main surface S1 side
of the semiconductor wafer SW. As a result of this, as com-
pared with a case where the large-diameter through electrode
TE2 is formed also on the main surface S1 side of the semi-
conductor wafer SW (refer to the above-mentioned FIG. 23),
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on the main surface S1 side of the semiconductor wafer SW,
a range where distortion is generated becomes smaller, and a
region that the through electrode occupies becomes smaller.

Accordingly, in the First Embodiment, the region (region
(keep out zone) where arrangement of the semiconductor
elements is limited) of the semiconductor wafer SW affected
by the distortion becomes small, and thus a region where the
semiconductor elements can be arranged can be increased by
an amount corresponding to a decreased region of the semi-
conductor wafer SW affected by the distortion. Furthermore,
since a position where the small-diameter through electrode
TE1 is formed can be adjusted in a range capable of being
coupled to the large-diameter through electrode TE2, the
position of the small-diameter through electrode TE1 can be
set in accordance with arrangement of the semiconductor
elements. Consequently, high integration of the semiconduc-
tor elements can be achieved, and a degree of freedom of
arrangement of the semiconductor elements also becomes
high.

In addition, when the region that the through electrode
(small-diameter through electrode TE1) occupies on the main
surface S1 side of the semiconductor wafer SW becomes
small, a flat surface area of the coupling pad MC coupled to
the through electrode can also be made small, and thus a
region where the first-layer wiring M1 can be arranged
becomes large, and a degree of freedom of arrangement of the
first-layer wiring M1 becomes high.

An upper surface (surface on the main surface S1 side of
the semiconductor wafer SW) of the small-diameter through
electrode TE1 is coupled to the coupling pad MC in the same
layer as the first-layer wiring M1 via the barrier metal film.
The coupling pad MC is formed by forming a coupling pad
formation trench TRb in the interlayer insulating film 1L.D2,
and burying the copper (Cu) film inside the coupling pad
formation trench TRb.

In the First Embodiment, although the coupling pad MC is
exemplified as a layer to which the upper surface of the
through electrode (small-diameter through electrode TE1) is
coupled, the present invention is not limited to this, and the
layer may be a wiring (for example, a wiring formed in a
stripe shape or a lattice shape) formed in the same layer as the
first-layer wiring M1.

An insulating film (a third insulating film) IF3 is formed at
the back surface S2 of the semiconductor wafer SW. This
insulating film IF3 functions also as a protection film that
prevents metal contamination from the back surface S2 of the
semiconductor wafer SW. The insulating film IF3 is, for
example, a stacked film of a silicon nitride (Si;N,) film, a
silicon oxide (Si0O,) film, or a silicon nitride (Si,N,,) film and
a silicon oxide (Si0,) film.

Furthermore, a lower surface (surface on the back surface
S2 side of the semiconductor wafer SW) of the large-diameter
through electrode TE2 is exposed at the back surface S2 of the
semiconductor wafer SW. A barrier metal film BM3 is
formed, coupled to the lower surface of the large-diameter
through electrode TE2, and a copper (Cu) sheet layer CS and
a back surface bump RB are formed, coupled to the barrier
metal film BM3. The barrier metal film BM3 is, for example,
atitanium (Ti1) film, a tantalum (Ta) film, a cobalt (Co) film, a
ruthenium (Ru) film, a titanium nitride (TiN) film, or a tanta-
Ium nitride (TaN) film. In addition, the back surface bump RB
is constituted of a stacked film in which copper (Cu), nickel
(Ni), and Au (gold) have been formed as films sequentially
from a copper (Cu) sheet layer CS side.

A size of a region where the plurality of through electrodes
TE constituted of the small-diameter through electrodes TE1
and the large-diameter through electrodes TE2 are formed is
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defined by standards to keep connection with general-pur-
pose products, such as a memory. For example, as shown in
FIG. 2, in a semiconductor chip (semiconductor device) SC of
asize of 6 by 6 mm in height and width, arranged are four TSV
formation regions ATSV where fifty through electrodes in
height and six through electrodes in width are arranged at 40
um pitch in a center of the semiconductor chip SC. Namely,
the center of the semiconductor chip SC is the TSV formation
region ATSV where the plurality of through electrodes is
formed, and the other region corresponds to an element for-
mation region where the plurality of semiconductor elements
is formed. It is to be noted that although the TSV formation
regions ATSV are provided in the center of the semiconductor
chip SC in FIG. 2, a position where the TSV formation
regions ATSV are provided is not limited to the center.

In addition, not all the plurality of through electrodes
formed in the TSV formation region ATSV need not be con-
figured by the through electrode in which the center position
of the small-diameter through electrode TE1 and the center
position of the large-diameter through electrode TE2 do not
overlap with each other in the planar view. Namely, all of the
through electrodes formed in the TSV formation region
ATSV may be configured by the through electrode in which
the center position of the small-diameter through electrode
TE1 and the center position of the large-diameter through
electrode TE2 do not overlap with each other in the planar
view. Alternatively, a part of the through electrodes formed in
the TSV formation region ATSV may be configured by the
through electrode in which the center position of the small-
diameter through electrode TE1 and the center position of the
large-diameter through electrode TE2 do not overlap with
each other in the planar view, and the other through electrodes
may be configured by the through electrode in which the
center position of the small-diameter through electrode TE1
and the center position of the large-diameter through elec-
trode TE2 overlap with each other in the planar view.

<<Method of Manufacturing Semiconductor Device>>

Next, a method of manufacturing a semiconductor device
employing TSV technology according to the present First
Embodiment will be explained in step order using FIGS. 3 to
17. FIGS. 3 to 17 are main part cross-sectional views of the
semiconductor device during manufacturing steps of the
semiconductor device, and respectively show a part of the
element formation region and a part of the TSV formation
region. In addition, the nMISFET is exemplified as the semi-
conductor element in the element formation regions of FIGS.
3 to 17. In addition, although, for example, not less than a
hundred through electrodes are formed in the semiconductor
device, for convenience, one through electrode constituted of
a small-diameter through electrode and a large-diameter
through electrode, and a periphery thereof will be described
in FIGS. 3 to 17.

<Formation Step of Semiconductor Element>

First, as shown in FIG. 3, for example, prepared is the
semiconductor wafer (semiconductor thin plate referred to as
the wafer whose flat surface is substantially circular) SW
constituted of single crystal silicon (Si). The thickness (the
first thickness) of the semiconductor wafer SW is, for
example, approximately 700 um. Next, the isolation portion
IR constituted of the insulating film is formed in an element
isolation region of the main surface (the surface or the first
main surface) of the semiconductor wafer SW. Subsequently,
impurities indicating p-type conductivity are ion-implanted
in the semiconductor wafer SW in the region where the nMIS-
FET is formed to form the p-type well PW.

Next, after the gate insulating film GI of the nMISFET is
formed on the main surface of the semiconductor wafer SW,
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the gate electrode GE of the nMISFET is formed on the gate
insulating film GI. Subsequently, after the sidewall SL is
formed on the side surface of the gate electrode GE, impuri-
ties indicating n-type conductivity are ion-implanted in the
p-type well PW on both sides of the gate electrode GE, and the
n-type semiconductor regions SD that function as the source
and the drain of the nMISFET are formed in a self-aligned
manner with respect to the gate electrode GE and the sidewall
SL.

Subsequently, the stopper insulating film SIF and the inter-
layer insulating film ILD1 are sequentially formed on the
main surface of the semiconductor wafer SW. The stopper
insulating film SIF is the film serving as an etching stopper
when the interlayer insulating film IL.D1 is processed, and a
material having an etching selectivity with respect to the
interlayer insulating film IL.D1 is used therefor. The stopper
insulating film SIF is, for example, a silicon nitride (Si;N,)
film, and the interlayer insulating film IL.D1 is, for example,
a silicon oxide (Si0,) film.

Next, by dry etching in which a resist pattern is used as a
mask, the interlayer insulating film ILD1 and the stopper
insulating film SIF are sequentially processed to form the
connection holes CN in the element formation region. The
connection holes CN are formed in portions that require volt-
age application to operate the nMISFETs on the n-type semi-
conductor regions SD and the gate electrode GE, etc.

Subsequently, the barrier metal film BP is formed on the
main surface of the semiconductor wafer SW, for example, by
a sputtering method. The barrier metal film BP is, for
example, a titanium (T1) film, a tantalum (Ta) film, a titanium
nitride (TiN) film, or a tantalum nitride (TaN) film, and a
thickness thereof'is, for example, approximately 0.1 um. Sub-
sequently, a tungsten (W) film is formed on the barrier metal
film BP, for example, by the CVD method or the sputtering
method. Subsequently, the tungsten (W) film and the barrier
metal film BP in a region other than insides of the connection
holes CN are removed by the CMP method, and the coupling
electrodes (plugs) CE constituted of the tungsten (W) film are
formed inside the connection holes CN.

<Formation Step of Small-Diameter Through Electrode>

Next, as shown in FIG. 4, the interlayer insulating film
ILD1, the stopper insulating film SIF, and the semiconductor
wafer SW in the TSV formation region are sequentially
etched by using the resist pattern as a mask to form the
small-diameter via (the first via: the through hole; the con-
nection hole; or the opening) VI1 in the interlayer insulating
film ILD1, the stopper insulating film SIF, and the semicon-
ductor wafer SW. The diameter (the first diameter: the diam-
eter; or the inner diameter) of the small-diameter via VI1 is,
for example, approximately 2 pum, and the depth thereof’is, for
example, approximately 10 pm.

Subsequently, as shown in FIG. 5, the first insulating film
IF1 is formed on the main surface of the semiconductor wafer
SW including a bottom surface and the side surface of the
small-diameter via VI1. The first insulating film IF1 is a
silicon oxide (Si0,) film formed, for example, by a plasma
CVD method, and a thickness thereof is, for example,
approximately 0.1 pm.

Next, after the barrier metal film BM1 is formed on the
main surface of the semiconductor wafer SW (on the first
insulating film IF1), a copper (Cu) seed layer (illustration is
omitted) is formed on the barrier metal film BM1, and a
copper (Cu)-plated film CP1 is further formed on the seed
layer using an electrolytic plating method. Since the diameter
of'the small-diameter via V11 is relatively small, for example,
approximately 2 um, but an aspect ratio thereof is approxi-
mately 5, the copper (Cu)-plated film CP1 can be buried

10

15

20

25

30

35

40

45

50

55

60

65

12

inside the small-diameter via VI1 by the electrolytic plating
method. The barrier metal film BM1 is, for example, a tita-
nium (Ti) film, a tantalum (Ta) film, a cobalt (Co) film, a
ruthenium (Ru) film, a titanium nitride (TiN) film, or a tanta-
lum nitride (TaN) film, and a thickness thereof is, for
example, approximately 10 nm.

Next, as shown in FIG. 7, the copper (Cu)-plated film CP1,
the seed layer, the barrier metal film BM1, and the first insu-
lating film IF1 in a region other than an inside of the small-
diameter via VI1 are removed by the CMP method to form the
small-diameter through electrode (the first through electrode)
TE1 constituted of the copper (Cu) film inside the small-
diameter via VI1.

<Formation Step of Multi-Layer Wiring and External Ter-
minal>

Next, as shown in FIG. 8, the first-layer wirings M1, the
coupling pad MC, the second-layer wirings M2, the copper
(Cu) bump CB, and the external terminal (solder ball) SB are
sequentially formed on the main surface side of the semicon-
ductor wafer SW.

First, the first-layer wirings M1 are formed in the element
formation region by the single damascene method, and the
coupling pad MC is formed in the TSV formation region.

The interlayer insulating film IL.D2 is formed on the main
surface of the semiconductor wafer SW. The interlayer insu-
lating film IL.D2 is a silicon oxide (SiO,) film formed, for
example, by the plasma CVD method. Subsequently, the
interlayer insulating film IL.D2 is dry-etched using the resist
pattern as a mask to form the wiring formation trenches TRa
that penetrate from an upper surface to a lower surface of the
interlayer insulating film IL.D2, and that reach coupling elec-
trodes CE in a region of the element formation region where
the first-layer wirings M1 are formed. Simultaneously, the
coupling pad formation trench TRb that penetrates from the
upper surface to the lower surface of the interlayer insulating
film ILD2, and that reaches the small-diameter through elec-
trode TE1 is formed in a region of the TSV formation region
where the coupling pad MC is formed.

Subsequently, a barrier metal film B1 is formed on the main
surface of the semiconductor wafer SW. The barrier metal
film B1 is, for example, a titanium (T1) film, a tantalum (Ta)
film, a titanium nitride (TiN) film, or a tantalum nitride (TaN)
film. Subsequently, a copper (Cu) seed layer (illustration is
omitted) is formed on the barrier metal film B1 by the CVD
method or the sputtering method, and a copper (Cu)-plated
film (illustration is omitted) is further formed on the seed
layer using the electrolytic plating method. Insides of the
wiring formation trenches TRa and the coupling pad forma-
tion trench TRb are buried by the copper (Cu)-plated film.

Subsequently, the copper (Cu)-plated film, the seed layer,
and the barrier metal film B1 in a region other than the insides
of the wiring formation trenches TRa and the coupling pad
formation trench TRb are removed by the CMP method. As a
result of this, the first-layer wirings M1 constituted of the
copper (Cu) film are formed inside the wiring formation
trenches TRa. Simultaneously, the coupling pad MC consti-
tuted of the copper (Cu) film is formed inside the coupling pad
formation trench TRb. It is to be noted that although the
copper (Cu) film constituting the first-layer wirings M1 and
the coupling pad MC is formed by the electrolytic plating
method in the First Embodiment, it may be formed by the
CVD method, the sputtering method, a sputter reflow method
or the like.

Next, the second-layer wirings M2 are formed in the ele-
ment formation region and the TSV formation region by the
dual damascene method.
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The interlayer insulating film IL.D3 is formed on the main
surface of the semiconductor wafer SW, for example, by the
plasma CVD method. The interlayer insulating film ILD3 is
formed after respective surface shapes of the interlayer insu-
lating film IL.D2, the first-layer wirings M1, and the coupling
pad MC that are located in a lower layer of the interlayer
insulating film ILD3, surfaces thereof are substantially flat,
and thus a surface of the interlayer insulating film ILD3 is also
substantially flat. Subsequently, the interlayer insulating film
1LD3 is dry-etched using the resist pattern as a mask to form
the wiring formation trenches TA in a region where the sec-
ond-layer wirings M2 are formed. Furthermore, the connec-
tion holes TB that reach the first-layer wirings M1 are formed
in portions linking the wiring formation trenches TA and the
first-layer wirings M1. Simultaneously, the connection hole
TB that reaches the coupling pad MC is formed in a portion
linking the wiring formation trenches TA and the coupling
pad MC.

Subsequently, after a barrier metal film B2 is formed on the
main surface of the semiconductor wafer SW, a copper (Cu)
seed layer (illustration is omitted) is formed on the barrier
metal film B2, and a copper (Cu)-plated film (illustration is
omitted) is further formed on the seed layer using the elec-
trolytic plating method. The barrier metal film B2 is a single
layer film, such as a titanium (T1) film, a tantalum (Ta) film, a
titanium nitride (TiN) film, or a tantalum nitride (TaN) film, or
a stacked film in which some of these films are stacked.

Subsequently, the copper (Cu)-plated film, the seed layer,
and the barrier metal film B2 in a region other than the insides
of'the wiring formation trenches TA and the connection holes
TB are removed by the CMP method, the second-layer wir-
ings M2 constituted of the copper (Cu) film are formed inside
the wiring formation trenches TA, and the coupling compo-
nents formed integrally with the second-layer wirings M2 are
formed inside the connection holes TB.

After that, although upper layer wirings are further formed
similarly to the above-mentioned first-layer wiring M1 or the
second-layer wirings M2, explanation here is omitted.

Next, the copper (Cu) bump CB and the external terminal
(solder ball) SB are formed.

An insulating film (illustration is omitted) and the sealing
resin RS are formed on the main surface side of the semicon-
ductor wafer SW so as to cover top-layer wirings (for
example, the sixth-layer wirings M6 shown in the above-
mentioned FIG. 1). Subsequently, after the opening VO that
reaches the top-layer wirings is formed in the insulating film
and the sealing resin RS, the copper (Cu) bump CB is formed
s0 as to bury this opening VO using the electrolytic plating
method.

Subsequently, the external terminal (solder ball) SB is
coupled to the copper (Cu) bump CB exposed from the open-
ing VO. The external terminal SB is formed, for example, by
applying heat treatment after a ball-shaped soldering agent is
supplied by a ball supply method.

<Formation Step of Large-Diameter Through Electrode>

Next, as shown in FIG. 9, a glass support body GH is
bonded on the main surface side of the semiconductor wafer
SW via an adhesive layer CL.

Next, as shown in FIG. 10, a back surface (a second main
surface) on an opposite side of the main surface of the semi-
conductor wafer SW is grinded, polished, or etched back to
make a thickness (a second thickness) of the semiconductor
wafer SW to be, for example, not more than 50 um. At this
time, the small-diameter through electrode TE1 does not
project from the back surface of the semiconductor wafer SW.

Next, the insulating film (the third insulating film indicated
by a symbol IF3 in FIG. 1), for example, a silicon nitride
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(Si;N,) film IN and a silicon oxide (Si0,) film 1O are sequen-
tially formed on the back surface of the semiconductor wafer
SW. Since this film formation needs to be performed at a
temperature not more than a heatproof temperature of the
adhesive layer CL that has made the glass support body GH
adhere, the silicon nitride (Si;N,) film IN and the silicon
oxide (Si0,) film IO are formed, for example, by the plasma
CVD method or a gas cluster ion beam method.

Next, as shown in FIG. 11, the silicon oxide (Si0,) film 1O,
the silicon nitride (Si;N,) film IN, and the semiconductor
wafer SW in the TSV formation region are sequentially
etched from the back surface side of the semiconductor wafer
SW by using the resist pattern as a mask to form the large-
diameter via (the second via: the through hole; the connection
hole; or the opening) V12 in the semiconductor wafer SW. The
diameter (the second diameter: the diameter; or the inner
diameter) of the large-diameter via VI2 is, for example,
approximately 10 um, and a depth thereof is, for example,
approximately 43 um.

At this time, a part of the small-diameter through electrode
TE1 covered with the first insulating film IF1 and the barrier
metal film BM1 projects from a part of the bottom surface of
the large-diameter via VI2. Namely, the lower surface of the
small-diameter through electrode TE1 is located closer to the
back surface side of the semiconductor wafer SW than the
bottom surface of the large-diameter via VI2. In addition, a
center position of the small-diameter via VI1 and a center
position of the large-diameter via VI2 do not coincide with
each other in the planar view. Namely, the center position of
the small-diameter via V11 is away from the center position of
the large-diameter via V12 in the planar view.

Next, as shown in FIG. 12, the second insulating film IF2 is
formed on the back surface of the semiconductor wafer SW so
as to cover the bottom surface and the side surface of the
large-diameter via VI2, and the part of the small-diameter
through electrode TE1 (it is covered with the first insulating
film IF1 and the barrier metal film BM1) exposed from the
bottom surface of the large-diameter via VI2. The second
insulating film IF2 is, for example, a plasma TEOS (Tetra
Ethyl Ortho Silicate) film, and a thickness thereof is, for
example, approximately 0.2 um.

Next, as shown in FIG. 13, the first insulating film IF1 and
the second insulating film IF2 that cover the lower surface of
the small-diameter through electrode TE1 are removed to
expose the barrier metal film BM1 that covers the lower
surface of the small-diameter through electrode TE1.

Next, as shown in FIG. 14, the barrier metal film BM2 is
formed on the back surface of the semiconductor wafer SW so
as to cover the bottom surface and the side surface of the
large-diameter via VI2, and the part of the small-diameter
through electrode TE1 (it is covered with the barrier metal
film BM1) exposed from the bottom surface of the large-
diameter via VI2. Subsequently, a copper (Cu) seed layer
(illustration is omitted) is formed on the barrier metal film
BM2, and a copper (Cu)-plated film CP2 is further formed on
the seed layer using the electrolytic plating method. The
barrier metal film BM2 is a single layer film, such as a tita-
nium (Ti) film, a tantalum (Ta) film, a cobalt (Co) film, a
ruthenium (Ru) film, a nickel (Ni) film, a titanium nitride
(TiN) film, or a tantalum nitride (TaN) film, or a stacked film
thereof. Although the First Embodiment in a case of using the
barrier metal film BM2 is described here, an insulating film
having performance to prevent copper (Cu) diffusion to the
semiconductor wafer SW, for example, a silicon nitride
(Si;N,) film may be used instead of the barrier metal film
BM2.
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Next, as shown in FIG. 15, the copper (Cu)-plated film
CP2, the seed layer, and the barrier metal film BM2 in aregion
other than an inside of the large-diameter via VI2 are removed
by the CMP method to form the large-diameter through elec-
trode TE2 constituted of the copper (Cu) film inside the
large-diameter via VI2. In this case, since the silicon nitride
(SizN,) film IN has been formed on the back surface of the
semiconductor wafer SW, the back surface of the semicon-
ductor wafer SW is not exposed. Consequently, diffusion of
copper (Cu) constituting the large-diameter through electrode
TE2 into the semiconductor wafer SW can be prevented, and
change of the operation characteristics of the semiconductor
elements due to copper (Cu) contamination can be sup-
pressed.

Next, as shown in FIG. 16, the barrier metal film BM3, the
copper (Cu) sheet layer CS, and the back surface bump RB are
formed, coupled to the lower surface of the large-diameter
through electrode TE2. The barrier metal film BM3 is, for
example, a titanium (Ti) film, a tantalum (Ta) film, a cobalt
(Co) film, a ruthenium (Ru) film, a titanium nitride (TiN) film,
or a tantalum nitride (TaN) film. In addition, the back surface
bump RB is constituted of the stacked film in which copper
(Cuw), nickel (Ni), and Au (gold) have been formed as films
sequentially from the copper (Cu) sheet layer CS side.

Next, as shown in FIG. 17, the glass support body GH and
the adhesive layer CL are removed. After that, the semicon-
ductor wafer SW in which the semiconductor elements, the
through electrode TE, etc. have been formed is diced along a
dicing line to individually divide the semiconductor device.
By the above steps, the semiconductor device is substantially
completed.

As described above, according to the First Embodiment,
the through electrode is configured by the small-diameter
through electrode TE1 and the large-diameter through elec-
trode TE2, the small-diameter through electrode TE1 is
arranged on the main surface side of the semiconductor wafer
SW, and thereby the following effects can be obtained.

Since the region (region (keep out zone) where arrange-
ment of the semiconductor elements is constrained) of the
semiconductor wafer SW affected by the distortion becomes
small, the region where the semiconductor elements can be
arranged becomes larger by an amount corresponding to the
decreased region of the semiconductor wafer SW affected by
the distortion. Furthermore, since the position where the
small-diameter through electrode TE1 is formed can be
adjusted in the range capable of being coupled to the large-
diameter through electrode TE2, the position of the small-
diameter through electrode TE1 can be set in accordance with
arrangement of the semiconductor elements. Consequently,
high integration of the semiconductor elements can be
achieved, and the degree of freedom of arrangement of the
semiconductor elements also becomes high.

In addition, when the region on the main surface side of the
semiconductor wafer SW that the through electrode (small-
diameter through electrode TE1) occupies becomes small, the
flat surface area of the coupling pad MC coupled to the
through electrode also becomes small, so that a region where
the first-layer wirings M1 can be arranged becomes large, and
the degree of freedom of arrangement of the first-layer wir-
ings M1 also becomes high.

In addition, since the back surface of the semiconductor
wafer SW is always covered with the insulating film (silicon
nitride (Si;N,) film IN etc.) when the large-diameter through
electrode TE2 is formed, the back surface of the semiconduc-
tor wafer SW is not exposed. Consequently, copper (Cu)
constituting the large-diameter through electrode TE2 is not
diffused into the semiconductor wafer SW from the back
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surface of the semiconductor wafer SW, and thus change of
the operation characteristics of the semiconductor elements
due to copper (Cu) contamination can be prevented.

In addition, since the bottom surface of the large-diameter
via V12 does not reach the main surface of the semiconductor
wafer SW although the large-diameter via VI2 in which the
large-diameter through electrode TE2 is buried is formed
from the back surface toward the main surface of the semi-
conductor wafer SW, there is no risk of etching the multi-
layer wirings formed on the main surface side of the semi-
conductor wafer SW.

<<First Modification>>

A through electrode according to a First Modification of
the First Embodiment will be explained using FIGS. 18A and
18B. FIGS. 18A and 18B are respectively main part plan
views illustrating arrangement of small-diameter through
electrodes and a large-diameter through electrode.

Although one through electrode is configured by one
small-diameter through electrode TE1 and one large-diam-
eter through electrode TE2 in the semiconductor device
shown inthe above-mentioned F1G. 1, the present invention is
not limited to this. One through electrode may be configured
by one large-diameter through electrode and a plurality of
small-diameter through electrodes.

In FIG. 18A, exemplified is one through electrode TEa
configured by two small-diameter through electrodes TEla
and one large-diameter through electrode TE2aq. In a planar
view, a diameter of the small-diameter through electrode
TE1a is smaller than a diameter of the large-diameter through
electrode TE2a, and the small-diameter through electrode
TE1la is located inside the large-diameter through electrode
TE2a. In addition, center positions of the small-diameter
through electrodes TEla and a center position of the large-
diameter through electrode TE2a do not coincide with each
other. Namely, the center positions of the small-diameter
through electrodes TE1a are away from the center position of
the large-diameter through electrode TE2a in the planar view.

In FIG. 18B, exemplified is one through electrode TEb
configured by three small-diameter through electrodes TE15
and one large-diameter through electrode TE2b. In the planar
view, a diameter of the small-diameter through electrode
TE15 is smaller than a diameter of the large-diameter through
electrode TE2b, and the small-diameter through electrode
TE1b is located inside the large-diameter through electrode
TE2b. In addition, center positions of the small-diameter
through electrodes TE15 and a center position of the large-
diameter through electrode TE2b do not coincide with each
other. Namely, center positions of the small-diameter through
electrodes TE1b are away from the center position of the
large-diameter through electrode TE2b in the planar view.

As described above, the plurality of small-diameter
through electrodes TE1la and TE1b are formed, and thereby
electric resistances of the through electrodes TEa and TEb
can be more reduced than in a case where one small-diameter
through electrode is formed.

<<Second Modification>>

A through electrode according to a Second Modification of
the First Embodiment will be explained using FIG. 19. FIG.
19 is a main part cross-sectional view of the through elec-
trode.

Although in the semiconductor device shown in the above-
mentioned FIG. 1, the through electrode is configured by the
small-diameter through electrode TE1 buried in the small-
diameter via VI1 formed in the interlayer insulating film
ILD1, the stopper insulating film SIF, and the semiconductor
wafer SW, and the large-diameter through electrode TE2
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buried in the large-diameter via VI2 formed in the semicon-
ductor wafer SW, the present invention is not limited to this.

For example, as shown in FIG. 19, a through electrode may
be configured by a small-diameter through electrode TE1lc
buried in a small-diameter via VI1c formed in the semicon-
ductor wafer SW, and the large-diameter through electrode
TE2 buried in the large-diameter via V12 formed in the semi-
conductor wafer SW. In this case, the coupling pad MC and
the small-diameter through electrode TE1c are electrically
coupled by a coupling electrode TE3 buried in the connection
hole CN formed in the interlayer insulating film I1.D1 and the
stopper insulating film SIF.

The coupling electrode TE3 is formed in the interlayer
insulating film IL.D1 and the stopper insulating film SIF, and
has a third diameter in the planar view, and one end of the
coupling electrode TE3 is coupled to the coupling pad MC via
the barrier metal film, and the other end thereof is coupled to
the small-diameter through electrode TElc via the barrier
metal film BP. The small-diameter through electrode TE1c¢ is
formed in the semiconductor wafer SW from the main surface
side of the semiconductor wafer SW, and has a first diameter
in the planar view, and one end of the small-diameter through
electrode TE1c is coupled to the coupling electrode TE3 via
the barrier metal film BP, and the other end thereof is coupled
to the large-diameter through electrode TE2 via a barrier
metal film BM1c¢ and the barrier metal film BM2. In addition,
the large-diameter through electrode TE2 is formed in the
semiconductor wafer SW from the back surface side of the
semiconductor wafer SW, and has a second diameter in the
planar view, and one end of the large-diameter through elec-
trode TE2 is coupled to the small-diameter through electrode
TE1c via the barrier metal films BM1c¢ and BM2. Here, the
first diameter is smaller than the second diameter, and the
third diameter is smaller than the first diameter.

The small-diameter through electrode TE1¢ and the cou-
pling electrode TE3 can be formed, for example, as follows.

First, a plurality of semiconductor elements is formed on
the main surface side of the semiconductor wafer SW.

Next, the semiconductor wafer SW is etched, and a small-
diameter via (a first via; a through hole; a connection hole; or
an opening) VIlc is formed in the semiconductor wafer SW.
Subsequently, after the first insulating film [F1c is formed on
the main surface of the semiconductor wafer SW including a
bottom surface and a side surface of the small-diameter via
VIlec, the barrier metal film BMl1e, a copper (Cu) seed layer,
and a copper (Cu)-plated film are formed on the main surface
of the semiconductor wafer SW (on the first insulating film
IF1c). Subsequently, the copper (Cu)-plated film, the seed
layer, the barrier metal film BM1c¢, and the first insulating film
IF1c in aregion other than an inside of the small-diameter via
VIlc are removed to form the small-diameter through elec-
trode TE1c constituted of the copper (Cu) film inside the
small-diameter via VIlc.

Next, the stopper insulating film SIF and the interlayer
insulating film ILD1 are sequentially formed on the main
surface of the semiconductor wafer SW. Subsequently, the
interlayer insulating film IL.D1 and the stopper insulating film
SIF are sequentially etched to form the connection holes CN
in the element formation region and the TSV formation
region. Subsequently, the barrier metal film EP and the tung-
sten (W) film are formed on the main surface of the semicon-
ductor wafer SW.

Next, the tungsten (W) film and the barrier metal film BP in
a region other than insides of the connection holes CN are
removed by the CMP method, the coupling electrodes CE
constituted of the tungsten (W) film are formed inside the
connection holes CN in the element formation region, and the
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coupling electrode TE3 is formed in the TSV formation
region. Namely, the coupling electrode TE3 is simultaneously
formed with the coupling electrodes CE that electrically
couple the gate electrode GE etc. of the nMISFET and the
first-layer wirings M1 that are formed in the element forma-
tion region.

As described above, the coupling electrode TE3 having a
third diameter smaller than the second diameter of the small-
diameter through electrode TE1c is formed without forming
the small-diameter through electrode TE1c in the interlayer
insulating film IL.D1 and the stopper insulating film SIF, and
the coupling pad MC and the small-diameter through elec-
trode TE1c¢ may be electrically coupled using this coupling
electrode TE3. As a result of this, a region of the through
electrode occupying the interlayer insulating film IL.D1 and
the stopper insulating film SIF becomes smaller than in a case
where the small-diameter through electrode TE1 is formed in
the interlayer insulating film IL.D1, the stopper insulating film
SIF, and the semiconductor wafer SW (refer to the above-
mentioned FIG. 1). Particularly, when a region that the cou-
pling electrode TE3 itself occupies becomes small, a flat
surface area of the coupling pad MC coupled to the coupling
electrode TE3 can also be made small, so that the region
where the first-layer wirings M1 can be arranged becomes
large, and the degree of freedom of arrangement of the first-
layer wirings M1 becomes high.

<<Third Modification>>

A through electrode according to a Third Modification of
the First Embodiment will be explained using FIG. 20. FIG.
20 is a main part cross-sectional view of the through elec-
trode.

Although in the semiconductor device shown in the above-
mentioned FIG. 1, the small-diameter through electrode TE1,
the large-diameter through electrode TE2, and the coupling
pad MC are configured by mutually different metal conduc-
tors, one end of the small-diameter through electrode TE1 is
coupled to the coupling pad MC via the barrier metal film, and
the other end on an opposite side of the above-mentioned one
end is coupled to the large-diameter through electrode TE2
via the barrier metal films BM1 and BM2, the present inven-
tion is not limited to this.

For example, as shown in FIG. 20, a small-diameter
through electrode TE1d and a coupling pad MCd may be
integrally formed with a same metal conductor. As a result of
this, the small-diameter through electrode TE1d can be
formed simultaneously with the first-layer wirings M1
formed in the element formation region.

The small-diameter through electrode TE1d and the cou-
pling pad MCd can be formed, for example, as follows.

First, a plurality of semiconductor elements is formed on
the main surface side of the semiconductor wafer SW. Sub-
sequently, after the stopper insulating film SIF and the inter-
layer insulating film ILD1 are sequentially formed on the
main surface of the semiconductor wafer SW, the stopper
insulating film SIF and the interlayer insulating film IL.D1 are
sequentially etched, the connection holes CN are formed in
the element formation region, and the coupling electrodes CE
are formed inside the connection holes CN.

Next, after the interlayer insulating film I1.D2 is formed on
the main surface of the semiconductor wafer SW, the wiring
formation trenches TRa are formed in the interlayer insulat-
ing film IL.D2 of the element formation region, and the cou-
pling pad formation trench TRb is formed in the interlayer
insulating film ILD2 of the TSV formation region. Further-
more, the interlayer insulating film I[L.D1, the stopper insu-
lating film SIF, and the semiconductor wafer SW are sequen-
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tially etched from a part of a bottom surface of the coupling
pad formation trench TRb to form the small-diameter via VI1.

Next, after forming a first insulating film IF1d on the main
surface of the semiconductor wafer SW including the respec-
tive bottom surfaces and side surfaces of the small-diameter
via VI1, the wiring formation trenches TRa, and the coupling
pad formation trench TRb, the first insulating film IF1d of the
bottom surfaces of the wiring formation trenches TRa is
removed.

Next, a barrier metal film EM14d, a copper (Cu) seed layer,
and a copper (Cu)-plated film are formed on the main surface
of the semiconductor wafer SW (on the first insulating film
IF1d). Subsequently, removed are the copper (Cu)-plated
film, the seed layer, the barrier metal film BM1d, and the first
insulating film IF1d in a region other than the respective
insides of the small-diameter via VI1, the wiring formation
trenches TRa, and the coupling pad formation trench TRb. As
a result of this, at the same time as the first-layer wirings M1
constituted of the copper (Cu) film are formed inside the
wiring formation trenches TRa, the small-diameter through
electrode TE1d constituted of the copper (Cu) film buried
inside the small-diameter via VI1, and the coupling pad MCd
constituted of the copper (Cu) film buried inside the coupling
pad formation trench TRb are integrally formed.

As described above, the small-diameter through electrode
TE1d is formed simultaneously with the first-layer wirings
M1 and the coupling pad MCd, and thereby the number of
manufacturing steps can be reduced more than in a manufac-
turing method that separately performs a step of burying the
metal conductor in the small-diameter via VI1, and a step of
burying the metal conductors in the wiring formation
trenches TRa and the coupling pad formation trench TRb.

Second Embodiment

A semiconductor device including a TSV according to the
present Second Embodiment will be explained using FIGS.
21 and 22. FIG. 21 is a main part plan view illustrating
arrangement of small-diameter through electrodes and large-
diameter through electrodes when a TSV formation region
according to the Second Embodiment is viewed from a plane.
FIG. 22 is a main part plan view illustrating arrangement of
small-diameter through electrodes and large-diameter
through electrodes when a TSV formation region compared
and examined by the present inventors is viewed from a plane.

In practice, as explained using FIG. 2 of the above-men-
tioned First Embodiment, hundreds of through electrodes (for
example, fifty by six) are formed in the TSV formation region
arranged in the center of the semiconductor chip SC. How-
ever, twelve through electrodes (four by three) are described
in FIGS. 21 and 22 for convenience.

As shown in FIG. 21, a plurality of through electrodes
respectively configured by one small-diameter through elec-
trode (a region indicated by hatching) TE1 and one large-
diameter through electrode TE2 are arranged in a TSV for-
mation region ATSV1 according to the Second Embodiment.
Additionally, the large-diameter through electrodes TE2 are
arranged in line mutually at equal intervals (for example, 40
um pitch), a diameter of the small-diameter through electrode
TE1 is smaller than a diameter of the large-diameter through
electrode TE2 in a planar view, and the small-diameter
through electrode TE1 is located inside the large diameter
through electrode TE2 in the planar view.

However, in a through electrode located on an outermost
side in the TSV formation region ATSV1, a center position of
the small-diameter through electrode TE1 and a center posi-
tion of the large-diameter through electrode TE2 do not coin-
cide with each other in the planar view, and the center position
of the small-diameter through electrode TE1 has been moved
in a direction opposite to an outer periphery of the TSV
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formation region ATSV1 from the center position of the large-
diameter through electrode TE2. It is to be noted that the
center position of the small-diameter through electrode TE1
and the center position of the large-diameter through elec-
trode TE2 coincide with each other in the planar view in the
through electrodes other than the above.

A region (keep out zone) KOZ where arrangement of semi-
conductor elements is limited is indicated by dotted lines in
FIG. 21. Since the small-diameter through electrodes TE1 of
the through electrode located on the outermost side in the
TSV formation region ATSV1 are arranged in a direction
away from the outer periphery of the TSV formation region
ATSV1, the region (keep out zone) KOZ where arrangement
ofthe semiconductor elements is limited is also moved inside
the TSV formation region ATSV1.

As a comparative example, a TSV formation region
ATSV2 is shown in FIG. 22 where a through electrode in
which the center position of the small-diameter through elec-
trode TE1 and the center position of the large-diameter
through electrode TE2 coincide with each other in the planar
view has been arranged in the whole region. Although
arrangement of the large-diameter through electrodes TE2 in
the TSV formation region ATSV2 is the same as that of the
large-diameter through electrodes TE2 in the TSV formation
region ATSV1 shown in FIG. 21, the region (keep out zone)
KOZ where arrangement of the semiconductor elements is
limited spreads out concentrically with the large-diameter
through electrode TE2 in the TSV formation region ATSV2.
Therefore, the TSV formation region ATSV2 means a region
also including the region (keep out zone) KOZ that spreads
out concentrically with the large-diameter through electrode
TE2, and where arrangement of the semiconductor elements
is limited.

The TSV formation region ATSV2 shown in FIG. 22 is
indicated by long dashed dotted lines in FIG. 21. It turns out
that a flat surface area of the TSV formation region ATSV1
according to the Second Embodiment is smaller than a flat
surface area of the TSV formation region ATSV2.

As described above, in the Second Embodiment, the small-
diameter through electrodes TE1 of the through electrode
located on the outermost side of the TSV formation region
ATSV1 are arranged in the direction away from the outer
periphery of the TSV formation region ATSV1 and thereby
the region (keep out zone) KOZ where arrangement of the
semiconductor elements is limited can be moved inside the
TSV formation region ATSV1. As a result of this, since the
flat surface area of the TSV formation region ATSV1
becomes small, and a region corresponding to the decreased
flat surface area can be used as the element formation region,
it becomes possible to achieve high integration of the semi-
conductor elements or reduction in size of the semiconductor
chip.

Hereinbefore, although the invention made by the present
inventors has been specifically explained based on the
embodiments, the present invention is not limited to the
above-described embodiments, and it is needless to say that
various changes can be made without departing from the
spirit of the present invention.

What is claimed is:

1. A semiconductor device, comprising:

a first region where a plurality of through electrodes pen-
etrating from a first main surface of a semiconductor
substrate to a second main surface on an opposite side of
the first main surface has been formed; and

a second region where a plurality of semiconductor ele-
ments has been formed on the first main surface of the
semiconductor substrate,
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wherein each of the through electrodes are configured by:
first through electrodes having a first diameter and
formed on a first main surface side of the semicon-
ductor substrate; and
second through electrodes having a second diameter
larger than the first diameter and formed on a second
main surface side of the semiconductor substrate,
wherein each of the first through electrodes is located
inside each of the second through electrodes in a planar
view, and a center position of said each of the first
through electrodes is away from a center position of said
each of the second through electrodes in the planar view,
wherein, in the planar view, the second through electrodes
in the first region are arranged at a same pitch, respec-
tively, and
wherein, in the planar view, the center position of said each
of the first through electrodes located near an outer
periphery of the first region is arranged toward a center
of' the first region.

2. The semiconductor device according to claim 1, wherein
all or a part of the through electrodes are configured by one
the second through electrodes and the first through electrodes.

3. The semiconductor device according to claim 1, further
comprising:

an interlayer insulating film formed on the first main sur-

face of the semiconductor substrate so as to cover the
semiconductor elements; and

a coupling pad or a wiring that is formed on the interlayer

insulating film of the first region,

wherein the first through electrodes include a portion pen-

etrating from a top surface to a lower surface of the
interlayer insulating film,

wherein one end of the first through electrodes is coupled to

the coupling pad or the wiring, and

wherein an other end of the first through electrodes on an

opposite side of the one end of the first through elec-
trodes is coupled to the second through electrodes.

4. The semiconductor device according to claim 1, further
comprising:

an interlayer insulating film formed on the first main sur-

face of the semiconductor substrate so as to cover the
semiconductor elements; and

a coupling electrode that penetrates the interlayer insulat-

ing film of the first region from a top surface to a lower
surface,

wherein one end of the first through electrodes is coupled to

the coupling electrode, and

wherein an other end of the first through electrodes on an

opposite side of the one end of the first through elec-
trodes is coupled to the second through electrodes.

5. The semiconductor device according to claim 1, further
comprising:

an interlayer insulating film formed on the first main sur-

face of the semiconductor substrate so as to cover the
semiconductor elements;

a coupling pad or a first wiring that is formed on the

interlayer insulating film of the first region; and

a second wiring formed on the interlayer insulating film of

the second region,

wherein the first through electrodes include a portion pen-

etrating from a top surface to a lower surface of the
interlayer insulating film, and

wherein the first through electrodes and the coupling pad or

the first wiring are integrally formed by a same metal
conductor.
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6. The semiconductor device according to claim 5, wherein
the first through electrodes and the coupling pad, or the first
through electrodes and the first wiring are formed in the first
region by the metal conductor, and the second wiring is
formed in the second region by the metal conductor.

7. The semiconductor device according to claim 1, wherein
a first insulating film and a first barrier metal film are formed
between the semiconductor substrate and the first through
electrodes from a side of the semiconductor substrate, and

wherein a second insulating film different from the first

insulating film, and a second barrier metal film different
from the first barrier metal film are formed between the
semiconductor substrate and the second through elec-
trodes from the side of the semiconductor substrate.

8. The semiconductor device according to claim 1, wherein
a barrier metal film is formed between the first through elec-
trodes and the second through electrodes.

9. The semiconductor device according to claim 1,
wherein, in the planar view, the center position of said each of
the first through electrodes located near the outer periphery of
the first region is offset from a center position of each of a
corresponding second through electrodes that encircles said
each of the first through electrodes located near the outer
periphery of the first region.

10. The semiconductor device according to claim 1,
wherein, in the planar view, the center position of one of the
first through electrodes located near the outer periphery of the
first region is offset from a center position of a corresponding
one of the second through electrodes that encircles said one of
the first through electrodes located near the outer periphery of
the first region.

11. The semiconductor device according to claim 1,
wherein, in the planar view, with respect to a center position
of each of a corresponding second through electrodes that
encircles said each of the first through electrodes located near
the outer periphery of the first region, the center position of
said each of the first through electrodes located near the outer
periphery of the first region is shifted toward the center of the
first region.

12. The semiconductor device according to claim 1,
wherein, in the planar view, with respect to a center position
of each of a corresponding second through electrodes that
encircles said each of the first through electrodes located near
the outer periphery of the first region, the center position of
said each of the first through electrodes located near the outer
periphery of the first region is shifted in a direction opposite
to the outer periphery of the first region toward the center of
the first region.

13. The semiconductor device according to claim 1,
wherein, in the planar view, a center position of one of the first
through electrodes, located adjacent to the center of the first
region and away from the outer periphery of the first region,
coincides with a center position of a corresponding one of the
second through electrodes that encircles said one of the first
through electrodes, located adjacent to the center of the first
region and away from the outer periphery of the first region.

14. The semiconductor device according to claim 1,
wherein, in the planar view, a center position of each of the
first through electrodes, located adjacent to the center of the
first region and away from the outer periphery of the first
region, coincides with a center position of a corresponding
one of the second through electrodes that encircles said each
of the first through electrodes, located adjacent to the center
of the first region and away from the outer periphery of the
first region.



